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METHOD OF FABRICATING CAPACITOR 
OF SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a semiconductor device. 

More particularly, it relates to a method of fabricating a 
semiconductor device Which reduces the reverse leakage 
current to improve the characteristics of the semiconductor 
device. 

2. Discussion of Related Art 
MiniaturiZation of electric circuits and integration tech 

nology have been developed along With fabricating tech 
niques of semiconductor devices. 
16M bit DRAMs and 64M bit DRAMs have been mass 

produced, and remarkable progress has been made in the 
development of semiconductor devices With higher integra 
tion. As the integration of DRAM has been increased, the 
areas of capacitors are signi?cantly decreased, and the 
improvement in techniques of fabricating a capacitor for 
securing the same capacitance in a decreased area has 
become an important issue. There are many propositions to 
solve the leakage current problem in electrode layers con 
stituting capacitors. 

Referring to the draWings, a capacitor of a conventional 
semiconductor device is noW described. 

FIG. 1 depicts a conventional semiconductor device With 
a capacitor, and FIG. 2 graphically shoWs an oxygen atom 
migration route of the capacitor’s upper electrode. FIG. 3 
graphically shoWs the leakage current characteristics of a 
conventional capacitor. In line With the trend of reduction in 
the siZe of DRAM, there has been proposed a technique of 
manufacturing a DRAM capacitor by the use of a high 
dielectric such as BST, ST, PZT, PLZT, etc. The improved 
effective capacitance can be achieved With a simple stacked 
type capacitor, as opposed to a complex three dimensional 
structure, in the manufacture of a capacitor using the high 
dielectric. A capacitor is made With Pt having loW reactivity 
and large Work function, and a thin Pt ?lm is made by 
sputtering. 

Cell transistors (not shoWn) are formed on a semiconduc 
tor substrate 1 to form a capacitor of a semiconductor 
device. As shoWn in FIG. 1, an interlayer insulating layer 2 
is formed all over the surface of the substrate 1 including the 
cell transistors and is selectively removed to form a contact 
hole. Aplug layer 3 is formed to bury the contact hole by the 
use of polysilicon. A diffusion barrier layer 4, contacting 
plug layer 3 (for preventing atomic migration betWeen the 
plug layer and a loWer electrode), a loWer electrode 5 of Pt, 
and spacers 6 are formed. 
A dielectric 7 is formed all over the surface of the 

substrate 1 including loWer electrode layer 5, and an upper 
electrode layer 8 is formed on dielectric 7 using Pt. 

In the formation of the capacitor, loWer electrode 5 and 
the dielectric 7 are formed, and a Pt target is sputtered by the 
use of Ar gas to form upper electrode 8 (a thin Pt ?lm). 
Oxygen of dielectric 7 passes through Pt upper electrode 8 
deposited on dielectric 7, as shoWn in FIG. 2 so that an 
oxygen depletion layer is formed on the surface of dielectric 
7; thus representing the oxygen distribution as shoWn in 
FIG. 2. The dielectric’s leakage current characteristics 
depend on the oxygen density Within the dielectric, and the 
leakage current characteristics vary With the density of 
oxygen existing at the interface betWeen the electrodes. 

In the process of fabricating a capacitor of a semiconduc 
tor device, When forming an upper electrode layer on the 
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2 
dielectric, the dielectric is exposed to plasma to change the 
oxygen density. The current siZe in the upper electrode layer 
is larger than that of the loWer electrode layer, as shoWn in 
FIG. 3. The forWard and reverse leakage currents should be 
maintained beloW 1><1O_7A/cm 2, and the reverse leakage 
current becomes large in the conventional capacitor to 
deteriorate the semiconductor device. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to a method 
of fabricating a capacitor of a semiconductor device that 
substantially obviates one or more of the problems due to 
limitations and disadvantages of the related art. 
An object of the present invention is to provide a method 

of fabricating a capacitor of a semiconductor device 
Whereby the reverse leakage current is effectively reduced to 
enhance the semiconductor device’s characteristics. 

Additional features and advantages of the invention Will 
be set forth in the description Which folloWs, and in part Will 
be apparent from the description, or may be learned by 
practice of the invention. The objectives and other advan 
tages of the invention Will be realiZed and attained by the 
structure particularly pointed out in the Written description 
and claims hereof as Well as the appended draWings. 
To achieve these and other advantages and in accordance 

With the purpose of the present invention, as embodied and 
broadly described, the present invention discloses a method 
of fabricating a capacitor of a semiconductor device includ 
ing the step of forming a loWer electrode layer on a semi 
conductor substrate, and a dielectric on the loWer electrode 
layer, a part of the loWer electrode layer, a part of the upper 
electrode layer adjacent to the dielectric of the capacitor 
including the upper electrode on the dielectric, or all of them 
containing oxygen. 

According to another aspect of the present invention, a 
method of fabricating a capacitor of a semiconductor device 
includes the steps of depositing a Pt thin ?lm on a semi 
conductor substrate having cell transistors by a sputtering 
technique using Ar gas, thus forming a loWer electrode layer; 
forming a dielectric on the loWer electrode layer; and 
depositing a Pt thin ?lm containing oxygen on the dielectric 
by a sputtering technique introducing the Ar gas and oxygen 
gas at the same time, thus forming an upper electrode layer. 

According to still another aspect of the present invention, 
a method of fabricating a capacitor of a semiconductor 
device includes the steps of depositing a Pt thin ?lm on a 
semiconductor substrate having cell transistors by a sput 
tering technique using Ar gas, thus forming a loWer elec 
trode layer; forming a dielectric on the loWer electrode layer; 
and ?rst depositing a Pt thin ?lm containing oxygen on the 
dielectric by the sputtering technique using the Ar gas and 
oxygen gas at the same time, and second depositing a Pt thin 
?lm by the sputtering technique, thus forming an upper 
electrode layer. 

According to still another aspect of the present invention, 
a method of fabricating a capacitor of a semiconductor 
device includes the steps of ?rst depositing a Pt thin ?lm on 
a semiconductor substrate having cell transistors by a sput 
tering technique using Ar gas, and second depositing a Pt 
thin ?lm containing oxygen, thus forming a loWer electrode 
layer; forming a dielectric on the loWer electrode layer; and 
?rst depositing a Pt thin ?lm containing oxygen or the 
dielectric by the sputtering technique introducing the Ar gas 
and oxygen gas at the same time, and second depositing a Pt 
thin ?lm by the sputtering technique, thus forming an upper 
electrode layer. 
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It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE ATTACHED 
DRAWINGS 

The accompanying draWings, Which are included to pro 
vide a further understanding of the invention and are incor 
porated in and constitute a part of this speci?cation, illustrate 
embodiments of the invention and together With the descrip 
tion serve to explain the principles of the invention: 

In the draWings: 
FIG. 1 shoWs a capacitor of a conventional semiconductor 

device; 
FIG. 2 graphically depicts the migration of oxygen atom 

of the conventional capacitor’s upper electrode and oxygen 
density; 

FIG. 3 graphically depicts the leakage current character 
istics of the conventional capacitor; 

FIGS. 4A to 4C each graphically depict a capacitor of a 
semiconductor device and the oxygen density in accordance 
With ?rst, second and third preferred embodiments of the 
present invention; and 

FIGS. 5A and 5B graphically shoW the leakage current 
characteristics of a capacitor of a semiconductor device in 
accordance With the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

Reference Will noW be made in detail to the preferred 
embodiments of the present invention, examples of Which 
are illustrated in the accompanying draWings. 

FIG. 4A to 4C each graphically depict a capacitor of a 
semiconductor device and the oxygen density in accordance 
With ?rst, second and third preferred embodiments of the 
present invention. FIGS. 5A and 5B graphically shoW the 
leakage current characteristics of a capacitor of a semicon 
ductor device in accordance With the present invention. 

When forming an upper electrode 32 or loWer electrode 
30 to reduce the leakage current of the capacitor, the oxygen 
distribution in upper electrode 32 and loWer electrode 30 
adjacent to a dielectric 31 is controlled by inducing oxygen 
gas to reduce forWard and reverse leakage currents. 

A method of fabricating a capacitor of a semiconductor 
device in accordance With the ?rst preferred embodiment of 
the present invention includes the steps of forming dielectric 
31 on loWer electrode 30 made of Pt (FIG. 4A); adding 
oxygen gas to Ar gas during sputtering for the formation of 
upper electrode 32 on dielectric 31 to deposit a thin Pt ?lm. 
The Ar gas is introduced to an electrode target of the 
sputtering equipment, and oxygen gas is introduced toWard 
the substrate. Dielectric 31 is formed by using ABO3 (A=Ba, 
Sr, Pb, La; B=Zr, Ti, etc.). LoWer electrode 30 is formed on 
a polysilicon plug layer, or adhesion layer made of Ti, Zr or 
a diffusion barrier layer made of TiN, TaN, TiW, etc. The 
above polysilicon plug layer, adhesion layer or diffusion 
barrier layer contacts an impurity diffusion region (not 
shoWn) of one side of cell transistors. 

In the method of fabricating a capacitor according to the 
?rst preferred embodiment of the present invention, the 
addition of oxygen (20 sccm) to Ar gas (20 sccm) used in the 
sputtering process to control the distribution of oxygen 
density at the time of forming upper electrode layer 32 
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4 
prevents oxygen from being removed from dielectric 31 to 
avoid reverse leakage current. 

FIG. 4B depicts a capacitor of a semiconductor device in 
accordance With a second preferred embodiment of the 
present invention. 

The second preferred embodiment is to prevent a decrease 
in the deposition speed that may occur by the addition of Ar 
gas and oxygen gas. A dielectric 31 is formed on loWer 
electrode layer 30, made of eg Pt, by the use of ABO3 
(A=Ba, Sr, Pb, La B=Zr, Ti, etc.) Ar gas (20 sccm) and 
oxygen gas (20 sccm) are simultaneously introduced to the 
sputtering equipment, thus ?rst forming a Pt thin ?lm 
containing oxygen on the dielectric 31. Then, a Pt thin ?lm, 
not containing oxygen, is formed by the use of Ar gas (40 
sccm) only. Upper electrode 30 is formed on a polysilicon 
plug layer, an adhesion layer of Ti, Zr, etc. or a diffusion 
barrier layer of TiN, TaN, TiW, etc. The polysilicon plug 
layer or adhesion layer or diffusion barrier layer contacts an 
impurity diffusion region (not shoWn) of one side of cell 
transistors formed on a semiconductor substrate. 

FIG. 4C depicts a capacitor of a semiconductor device in 
accordance With a third preferred embodiment of the present 
invention. 

This third preferred embodiment of the present invention 
is to prevent a decrease in the deposition speed that may 
occur by the addition of Ar gas and oxygen gas. In this 
embodiment, Pt thin a ?lm containing oxygen is also applied 
to loWer electrode layer 30. 
When forming loWer electrode layer 30 using Pt, a Pt thin 

?lm is ?rst formed by the use of Ar gas (40 sccm) only, and 
Ar gas (20 sccm) and oxygen gas (20 sccm) are simulta 
neously introduced into the sputtering equipment thereafter; 
thus forming loWer electrode 30 as a Pt thin ?lm containing 
oxygen and a Pt thin ?lm, not containing oxygen. A dielec 
tric 31 is formed by the use of ABO3 (A=Ba, Sr, Pb, La 
B=Zr, Ti, etc.) on loWer electrode 30 having the Pt thin ?lm 
containing oxygen and the Pt thin ?lm not containing 
oxygen. Ar gas (20 sccm and oxygen gas (20 sccm) are 
introduced to the sputtering equipment on dielectric 31, thus 
?rst forming a Pt thin ?lm containing oxygen. A second Pt 
thin ?lm, not containing oxygen, is then formed by the use 
of Ar gas (40 sccm) only. 

Upper electrode layer 32 is formed as a Pt thin ?lm 
containing oxygen and a Pt thin ?lm, not containing oxygen. 
LoWer electrode 30 is formed on a polysilicon plug layer, an 
adhesion layer made of Ti, Zr, etc. or a diffusion barrier 
layer, such as TiN, TaN, TiW, etc. The polysilicon plug layer 
adhesion layer or diffusion barrier layer contacts an impurity 
diffusion region (not shoWn) of one side of cell transistors 
formed on a semiconductor substrate. 

The process of forming the Pt thin ?lm according to the 
?rst, second and third preferred embodiments of the present 
invention is carried by a CVD, evaporation, laser evapora 
tion method, etc. 
The inventive method of the semiconductor device, as 

shoWn in FIGS. 5A and 5B, assures the excellent forWard/ 
reverse leakage current characteristics of the present inven 
tion. 

In FIG. 5AAr gas and oxygen gas are simultaneously 
induced to the sputtering equipment only When forming 
upper electrode 32 thereby forming the Pt thin ?lm contain 
ing oxygen, Which shoWs that the reverse leakage current 
characteristics are excellent as Well as the forWard leakage 
current characteristics. FIG. 5B graphically depicts the leak 
age current characteristics of the capacitor With the Pt thin 
?lm formed by simultaneously inducing Ar gas and oxygen 
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gas to the sputtering equipment in the formation of both 
upper and loWer electrode layers 30 and 32. FIG. 5B 
graphically shoWs the leakage current characteristics of the 
capacitor With the Pt thin ?lm formed by introducing Ar gas 
and oxygen gas at the time of forming upper and loWer 
electrode layers 30 and 32, and its forWard and reverse 
leakage current characteristics are superior to those of FIG. 
5A. 

As described above, according to the inventive method of 
fabricating a capacitor of a semiconductor device, a part of 
the Pt thin ?lm contains oxygen to control the oxygen 
distribution on the surface betWeen the dielectric and the Pt 
thin ?lm, thus improving the forWard/reverse leakage cur 
rent characteristics of the capacitor and the characteristics of 
a semiconductor device. 

It Will be apparent to those skilled in the art that various 
modi?cations and variations can be made in the inventive 
method of fabricating a capacitor of a semiconductor device 
Without departing from the spirit or scope of the invention. 
Thus, it is intended that the present invention cover the 
modi?cations and variations of this invention provided they 
come Within the scope of the appended claims and their 
equivalents. 
What is claimed is: 
1. Amethod of fabricating a capacitor of a semiconductor 

device comprising the steps of: 
depositing a Pt thin ?lm on a semiconductor substrate 

having cell transistors by a sputtering technique using 
Ar gas, thus forming a loWer electrode layer; 

forming a dielectric on the loWer electrode layer; and 

depositing a Pt thin ?lm containing oxygen on the dielec 
tric by a sputtering technique introducing the Ar gas 
and oxygen gas in a ratio of 1 to 1 at the same time, thus 
forming an upper electrode layer. 

2. Amethod according to claim 1, Wherein the Ar gas and 
oxygen gas used in the sputtering process for forming the 
upper electrode layer are each 20 sccm. 

3. A method according to claim 1, Wherein the Ar gas is 
introduced to an electrode target of a sputtering equipment 
in the sputtering process, and the oxygen gas is introduced 
into the substrate. 

4. A method according to claim 1, Wherein the dielectric 
is formed by the use of ABO3 (A=Ba, Sr, Pb, La B=Zr, Ti). 

5. A method according to claim 1, Wherein the loWer 
electrode layer is formed on a polysilicon plug layer or an 
adhesion layer or a diffusion barrier layer, contacting an 
impurity diffusion region of one side of cell transistors. 

6. A method according to claim 5, Wherein the adhesion 
layer is made of Ti, Zr or an alloy containing one of Ti or Zr. 

7. A method according to claim 5, Wherein the diffusion 
barrier layer is made of TiN, TaN or TiW. 

8. Amethod of fabricating a capacitor of a semiconductor 
device comprising the steps of: 

depositing a Pt thin ?lm on a semiconductor substrate 
having cell transistors by a sputtering technique using 
Ar gas, thus forming a loWer electrode layer; 

forming a dielectric on the loWer electrode layer; 
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6 
?rst depositing a Pt thin ?lm containing oxygen on the 

dielectric by the sputtering technique using the Ar gas 
and oxygen gas in a ratio of 1 to 1 at the same time; and 

second depositing a Pt thin ?lm by the sputtering 
technique, thus forming an upper electrode layer. 

9. Amethod according to claim 8, Wherein the Ar gas and 
oxygen gas used in the sputtering process for forming the 
upper electrode layer are each 20 sccm. 

10. A method according to claim 8, Wherein the Ar gas is 
introduced to an electrode target of a sputtering equipment 
in the sputtering process for depositing the Pt thin ?lm 
containing the oxygen of the upper electrode layer, and 
oxygen gas is introduced into the substrate. 

11. Amethod according to claim 8, Wherein the dielectric 
is formed by the use of ABO3 (A=Ba, Sr, Pb, La B=Zr, Ti). 

12. A method according to claim 8, Wherein the loWer 
electrode layer is formed on a polysilicon plug layer, an 
adhesion layer, or a diffusion barrier layer, contacting an 
impurity diffusion region of one side of cell transistors. 

13. Amethod according to claim 12, Wherein the adhesion 
layer is made of Ti, Zr or an alloy containing one of Ti or Zr. 

14. Amethod according to claim 12, Wherein the diffusion 
barrier layer is made of TiN, TaN of TiW. 

15. A method of fabricating a capacitor of a semiconduc 
tor device comprising the steps of: 

?rst depositing a Pt thin ?lm on a semiconductor substrate 
having cell transistors by a sputtering technique using 
Ar gas, and second depositing a Pt thin ?lm containing 
oxygen, thus forming a loWer electrode layer; 

forming a dielectric on the loWer electrode layer; 
?rst depositing a Pt thin ?lm containing oxygen on the 

dielectric by the sputtering technique introducing the 
Ar gas and oxygen gas in a ratio of 1 to 1 at the same 
time; and 

second depositing a Pt thin ?lm by the sputtering 
technique, thus forming an upper electrode layer. 

16. A method according to claim 15, Wherein the Ar gas 
and oxygen gas, used in the sputtering process for forming 
the Pt thin ?lm containing oxygen of the upper electrode 
layer or loWer electrode layer, are each 20 sccm. 

17. A method according to claim 15, Wherein the Ar gas 
is introduced to an electrode target of a sputtering equipment 
in the sputtering process for depositing the Pt thin ?lm 
containing the oxygen of the upper electrode layer, and the 
oxygen gas is introduced into the substrate. 

18. A method according to claim 15, Wherein the dielec 
tric is formed by the use of ABO3 (A=Ba, Sr, Pb, La B=Zr, 
Ti). 

19. A method according to claim 15, Wherein the loWer 
electrode layer is formed on a polysilicon plug layer, an 
adhesion layer, or a diffusion barrier layer, contacting an 
impurity diffusion region of one side of cell transistors. 

20. Amethod according to claim 19, Wherein the adhesion 
layer is made of Ti, Zr or an alloy,containing one of Ti or Zr. 

21. Amethod according to claim 19, Wherein the diffusion 
barrier layer is made of TiN, TaN or TiW. 

* * * * * 


